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♦ NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the method of manufacturing a useful carbon 
monoxide and useful hydrogen (it abbreviating to "synthesis gas" below) industrially, using the 
methane which is the principal component of natural gas, and the carbon dioxide used as the 
main causative agents of global warming. 
[0002] 

[Description of the Prior Art] In recent years, since carbon dioxide gas is the main causative 
agent of global warming, let it be the technical problem that curtailment of eccrisis and a 
deployment are pressing. For this reason, the chemical conversion methods, such as electric 
reduction of carbon dioxide gas, the photosynthesizing method, and a contact hydrogen 
reduction method, are considered. There are very few examples of a report about the method 
of manufacturing synthesis gas useful as a raw material at the time of compounding various 
organic compounds according to hydroformylation from methane and a carbon dioxide among 
these, and the contact process (React.Kinet.catal., 24,253 (1984) and the collection of the 
68th catalyst (debate A) drafts, 3H327 (1991)) which used 8 group transition-metals support 
catalyst for an alumina or silica support is known slightly. 

[0003] However, the catalyst which supported noble metals is expensive and economically 
disadvantageous. Moreover, it has catalytic activity and a life equivalent to noble metals, and 
since the carbon deposit inclination of a nickel catalyst is strong, it has the problem that the 
fall of activity tends to take place also in cheaper 8 group transition metals. 
[0004] 

[Problem(s) to be Solved by the Invention] Therefore, from the gas containing methane and a 
carbon dioxide, this invention suppresses a deposit of carbon and aims at offering the method 
of manufacturing a carbon monoxide and hydrogen efficiently. 
[0005] 

[Means for Solving the Problem] In the method of this invention person contacting the gas 
containing methane and a carbon dioxide for a catalyst in such the actual condition as a result 
of inquiring wholeheartedly, and manufacturing a carbon monoxide and hydrogen, if the alumina 
content catalyst which has aluminum3+ of 5 coordination is used, since a deposit of carbon is 
suppressed and the fall of catalytic activity cannot take place easily, it finds out that 
hydrogen and a carbon monoxide can be manufactured efficiently, and came to complete this 
invention. 

[0006] That is, this invention offers the manufacturing method of the hydrogen characterized 
by using the catalyst which supported the active metal for the alumina which has aluminum3+ 
of 5 coordination to content support in the method of contacting the gas containing methane 
and a carbon dioxide for a catalyst, and manufacturing a carbon monoxide and hydrogen. 
Moreover, this invention offers the manufacturing method of the carbon monoxide 
characterized by using the catalyst which supported the active metal for the alumina content 
support which has aluminum3+ of 5 coordination in the method of contacting the gas 
containing methane and a carbon dioxide for a catalyst, and manufacturing a carbon monoxide 
and hydrogen. 

[0007] As methane used by this invention, any of methane independence and methane 
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content gas are sufficient. As methane content gas. natural gas and substitute natural gas are 
mentioned, for example, and the unsaturated-hydrocarbon; diacid carbonizing-ized hydrogen, 
such as saturated-hydrocarbon; ethylene, such as ethane and a propane, a propene, and a 
butene, the hydrogen sulfide of a minute amount, 10-40-mol % of hydrogen, 1-20-mol % of a 
carbon monoxide, the nitrogen, the air. or the steam other than methane may be included. 
[0008] As for the mole ratio of methane/carbon dioxide, in this invention, it is [ the mole ratio 
of the methane used as a raw material, and a carbon dioxide ] desirable 0.05-25. and that it is 
especially 0.1-20, and also 0.2-10. If the amount of the carbon dioxide which the mole ratio of 
methane/carbon dioxide recycles less than by 0.05 increases, the yield of hydrogen decreases 
and 25 is exceeded, sufficient carbon monoxide generation rate will no longer be obtained, and 
a carbon deposit will also become and uneconomical. 

[0009] The catalyst used by this invention supports an active metal to the alumina content 
support which has aluminum3+ of 5 coordination, it is known that 3 kinds of aluminum3+ of 4 
coordination, 5 coordination, and 6 coordination exists in an amorphous alumina — **** 
(Dupree, Lournal De Physique, C8.1 13 (1985)) ~ the alumina used by this invention may 
contain the alumina which otherwise has aluminum3+ of 4 or 6 coordination that what is 
necessary is just to include the alumina which has aluminum3+ of 5 coordination 
[0010] Among alumina content support, especially although especially the blending ratio of 
coal of an alumina that has aluminum3+ of 5 coordination is not restricted, it is desirable in 
alumina content support that it is 1 - 50 % of the weight 0.1 to 70% of the weight. At less than 
0.1 % of the weight, it is difficult to adjust what the depressor effect of sufficient carbon 
deposit is not obtained, but exceeds 70 % of the weight. 

[001 1] In addition, the coordination state of aluminum3+ can be known by using the 
27aluminum-solid-state NMR. 

[0012] It can manufacture by the usual grinding method, the HITOSSHOKU method, the sol 
gel process of an organoaluminium compound, etc., for example, the alumina which has 
aluminum3+ of 5 coordination is Journal, of It can manufacture according to Catalysis, 133,263 
(1992) and Chem.Mater, and the method indicated by 5 and 1204 (1993). 
[0013] after [ namely, ] carrying out day boiling of the sodium-aluminate solution, and 
centrifugal separation's separating enough and washing the obtained settlings as a grinding 
method — a jib — a site is obtained next, this jib — method; which obtains the alumina which 
grinds with a ball mill for 50 to 300 hours, and has aluminum3+ of 5 coordination after 
calcinating a site at 300-600 degrees C for 0.1 to 5 hours — a jib — the method of carrying 
out hydrothermal synthesis of the mixture of a site and water, obtaining a boehmite, and 
obtaining the alumina which next grinds with a ball mill at 50-500 degrees C for 0.1 to 100 
hours, and has aluminum3+ of 5 coordination etc. is mentioned 

[0014] Moreover, as a sol gel process, add water to the mixed solution of the sec-butyl 
alcohol solution of aluminum-tree sec butoxide, and the urea solution which dissolved in sec- 
butyl alcohol, and a sol is made to generate, after digestion, an ammonium bicarbonate is 
added at a room temperature and gel is settled. In order to remove unreacted alumino 
butoxide. the obtained gel is enough washed by sec-butyl alcohol, gel is dried and calcinated 
after that, and the method of obtaining the alumina which has aluminum3+ of 5 coordination is 
mentioned. 

[0015] Since what the alumina content support used by this invention may contain metallic 
oxides, such as a silica besides an alumina, a zirconia. NIOBIA. a titania, a crystalline alumina 
silicate, a calcium oxide, a magnesium oxide, and a barium oxide, and contains especially a 
calcium oxide, a magnesium oxide, and a barium oxide can suppress a carbon deposit more 
effectively, it is desirable. Although especially the blending ratio of coal of these inorganic 
oxides is not restricted, it is desirable in alumina content support that it is 0.1 - 40 % of the 
weight. 

[0016] Although not restricted especially as an active metal supported to alumina content 
support, 8 group transition metals, such as nickel, a ruthenium, a rhodium, iridium, and cobalt, 
are especially desirable, for example, and nickel is desirable from the point of cost. Moreover, 
you may use the oxide of these metals. 
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[0017] As for especially the active metal supported to alumina content support, it is desirable 
to contain 1.0 to 50% of the weight 0.01 to 70% of the weight by metal conversion in [ all ] a 
catalyst. Even if the invert ratio of carbon dioxides enough at less than 0.01 % of the weight is 
not obtained but it exceeds 70 % of the weight, the improvement in an invert ratio to the 
extent that it expects is not obtained. 

[0018] Especially the method of making alumina content support support an active metal is 
not restricted, for example, can use well-known methods, such as the sinking-in method, a sol 
gel process, and physical alligation. 

[0019] For example, the alumina molding which has aluminum3+ of 5 coordination is immersed 
in the solution containing metals, such as nickel salt. How to return after dryness and baking; 
Add ammonium to the solution which dissolved the aluminum salt, and sedimentation of an 
aluminum hydroxide is formed. The method which is immersed in the solution containing 
metals, such as nickel salt, and returns after dryness and baking after drying and calcinating 
the obtained gel; physical mixture of a nickel oxide and the alumina which has aluminum3+ of 5 
coordination is carried out, and the method of returning is mentioned after dryness and 
baking. 

[0020] In these methods, you may perform a catalyst after fixation and dryness and within a 
reactor that what is necessary is just to carry out, using a reducing gas as a method of 
returning a catalyst. 

[0021] As a reducing gas, pure hydrogen, hydrogen and a steam, and a carbon monoxide can 
be used, hydrogen gas, or hydrogen and steam gas is desirable, and it is desirable to use 
especially hydrogen gas. Moreover, it is desirable to perform reduction at about 200-800 
degrees C so that the active metal made to support may not condense, although methane and 
a carbon dioxide can be performed with the reaction temperature at the time of making a 
catalyst contact. 

[0022] The manufacturing method of this invention is performed by contacting the gas which 
contains methane and a carbon dioxide for the catalyst acquired by doing in this way. As for 
especially reaction temperature, at this time, it is desirable that it is 400-900 degrees C 300- 
1000 degrees C. If sufficient invert ratio of methane and a carbon dioxide is not obtained at 
less than 300 degrees C but reaction temperature exceeds 1 000 degrees C, the fall of the 
activity by sintering of a catalyst will arise. Moreover, as for especially reaction pressure, it is 
desirable for it not to be restricted but to carry out with an ordinary pressure - 20 
atmospheric pressure, especially an ordinary pressure - 10 atmospheric pressure. 
Furthermore, it is desirable GHSV500-500,000h-1 and to supply especially material gas at the 
rate of 1,000-300,000h-1. If the generation rate of a carbon monoxide is small and exceeds 
500,000h-1, the invert ratio of a raw material falls and it is not economical at less than [ 500h 
- ] one. 

[0023] As a reaction method, especially if a catalyst and a raw material can contact 
efficiently, it will not be restricted, for example, it can be made to react by the fixed bed, the 
fluid bed, and the moving bed. 
[0024] 

[Effect of the Invention] Since according to this invention a deposit of carbon is suppressed 
and catalytic activity moreover cannot fall easily by using the alumina content catalyst which 
has aluminum3+ of 5 coordination in the method of contacting the gas containing methane and 
a carbon dioxide for a catalyst, and manufactunng a carbon monoxide and hydrogen, the 
invert ratio of methane and a carbon monoxide is high, and hydrogen and a carbon monoxide 
can be obtained efficiently. 
[0025] 

[Example] Hereafter, although an example explains this invention still more concretely, this is 
only instantiation and does not restrict this invention. 

[0026] example of reference 1 alumina manufacture-: — the white precipitate which boiled 
one-mol sodium-aluminate solution on the 1st, was made to understand an added water part, 
and was obtained ~ centrifugal separation — carrying out — washing — a jib — the site was 
obtained next, this jib — 500 degrees C of sites were calcinated for 1 hour, and the 
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comparison alumina C was obtained The alumina A which furthermore grinds this alumina C 
with a ball mill for 125 hours, and has 5 coordination aluminum3+ was obtained, moreover, a jib 

hydrothermal synthesis of the mixture of 10ml of water was carried out to site 5g for two 
days at 350 degrees C among the autoclave, and the boehmite was obtained Next, after 
calcinating this at 400 degrees C for 1 hour, the alumina B which carries out trituration 
processing with a ball mill for 350 hours, and has 5 coordination aluminum3+ was obtained. 
Furthermore, the boehmite was calcinated at 600 degrees C for 1 hour, and the comparison 
alumina D was obtained. 

[0027] The coordination number was measured by the 27aluminum-solid-state NMR. For 65.6 
ppm and 5 coordination, 38.3 ppm and 6 coordination are [ the chemical shift of 27aluminum 
to 4 coordination ] 1 1.4 ppm. It could specify and the trial calculation of the content was 
made by the intensity ratio. The content of aluminum3+ which has 4 coordination of alumina 
A-D, 5 coordination, or 6 coordination was shown in Table 1, and the 27aluminum-solid-state 
NMR spectrum was shown in drawing 1 -4. 

[0028] Manufacture of the example [ of reference ] 2 catalyst A: The catalyst A which 
consists of 10 % of the weight of nickel and 90 % of the weight of aluminas was acquired by 
calcinating alumina 4.6g which carried out tableting molding, ground alumina A powder, and 
carried out the particle size regulation to 20-30 meshes at 500 degrees C for 1 hour, after 
being immersed in the solution which dissolved 2.3g of nickel nitrate 6 hydrates in 9ml of 
water for 3 hours and drying at 1 10 degrees C subsequently overnight. 
[0029] Manufacture of the example [ of reference ] 3 catalyst B: The catalyst B which 
consists of 2 % of the weight of rhodiums and 98 % of the weight of aluminas was acquired like 
the example 2 of reference except having used nitric-acid rhodium 6 hydrate instead of nickel 
nitrate 6 hydrate. 

[0030] Manufacture of the example [ of reference ] 4 catalyst C: Alumina B After having 
understood 4.6g an added water part in ammonium-chloride solution after being immersed in 
the solution which dissolved 2.3g of ruthenium chloride 3 hydrates in 9ml of water for 3 hours, 
and drying at dryness and 110 more degrees C with a room temperature subsequently for 3 
hours overnight, the catalyst C which consists of 2 % of the weight of rutheniums and 98 % of 
the weight of aluminas was acquired by calcinating at 500 degrees C for 1 hour. 
[0031] Manufacture of the example [ of reference ] 5 catalyst D: Alumina B which carried out 
the particle size regulation to 20-30 meshes It dried at 1 10 degrees C overnight, and 4.2g was 
calcinated at 600 more degrees C for 2 hours, after being immersed in the solution which 
dissolved 2.5g of magnesium-acetate 4 hydrates in 8ml of water for 3 hours. The catalyst D 
which consists of 10 % of the weight of nickel, 27 % of the weight of magnesium oxides, and 63 
% of the weight of aluminas was acquired by calcinating 4.6g of obtained baking objects at 500 
degrees C for 1 hour, after being immersed in the solution which dissolved 2.3g of nickel 
nitrate 6 hydrates in 5ml of water for 3 hours and drying at 1 10 degrees C subsequently 
overnight. 

[0032] Manufacture of the example [ of reference ] 5 catalyst E: Instead of magnesium- 
acetate 4 hydrate, the catalyst E which consists of 10 % of the weight of nickel, 27 % of the 
weight of calcium oxides, and 63 % of the weight of aluminas was acquired like the example 5 
of reference except having used the calcium oxide. 

[0033] Manufacture of the example [ of reference ] 6 catalyst F: Alumina C which carried out 
the particle size regulation to 20-30 meshes The catalyst F which consists of 10 % of the 
weight of nickel and 90 % of the weight of aluminas was acquired by drying at 1 10 degrees C 
overnight and calcinating 14g at 500 more degrees C for 1 hour, after being immersed in the 
solution which dissolved 6.9g of nitric-acid rhodium 6 hydrates in 20ml of water for 3 hours. 
[0034] Manufacture of the example [ of reference ] 7 catalyst G: Alumina C which carried out 
the particle size regulation to 20-30 meshes The catalyst G which consists of 2 % of the 
weight of rhodiums and 98 % of the weight of aluminas was acquired by drying at 1 1 0 degrees 
C overnight and calcinating 14g at 500 more degrees C for 1 hour, after being immersed in the 
solution which dissolved 6.9g of nickel nitrate 6 hydrates in 20ml of water for 3 hours. 
[0035] Manufacture of the example [ of reference ] 8 catalyst H: Alumina D which carried out 
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the particle size regulation to 20-30 meshes The catalyst F which consists of 10 % of the 
weight of nickel and 90 % of the weight of aluminas was acquired by drying at 1 10 degrees C 
overnight and calcinating 14g at 500 more degrees C for 1 hour, after being immersed in the 
solution which dissolved 6.9g of nickel nitrate 6 hydrates in 20ml of water for 3 hours. 
[0036] Manufacture of the example [ of reference ] 9 catalyst I: Alumina D The catalyst F 
which consists of 10 % of the weight of nickel and 90 % of the weight of aluminas was acquired 
by drying at 1 10 degrees C overnight and calcinating 14g at 500 more degrees C for 1 hour, 
after being immersed in the solution which dissolved 6.9g of nickel nitrate 6 hydrates in 20ml 
of water for 3 hours. 

[0037] After filling up the container made from an alpha alumina in the diameter of 8mm of 
one to examples 1-5 and example of comparison 4 differential thermal analyzer (DTA-500, 
product made from the SEIKO electronic industry) with 20mg of catalysts and equipping on a 
sample cell, reduction processing was performed at 600 degrees C under hydrogen 
atmosphere for 1 hour, and the temperature up was carried out to 900 degrees C under 
helium atmosphere after that. Next, it replacea with helium, the mixed gas of a carbon dioxide 
(47-mol %), methane (47-mol %), and nitrogen (six-mol %) was supplied by 40 ml/min, holding 
at 900 degrees C, (GHSV150,000hr-lX and hydrogen and the carbon monoxide were obtained. 
Gas-chromatography analysis of the reaction generation gas was carried out, and the invert 
ratio and carbon accumulation speed of methane and a carbon dioxide were computed by the 
following formula. A result is shown in Table 1. 
[0038] 
[Equation 1] 

m^cHicr} t - db □ CH 4® ^ )m 
m^itm (%) = X 1 0 0 
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:0039] 
Table 1] 
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[0040] When alumina content catalyst A-E containing 5 coordination aluminum3+ is used, 
compared with the case of comparison catalyst F-I, the invert ratio of methane and a carbon 
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dioxide is high, and the result of Table 1 shows that the carbon deposit on a catalyst is 
decreasing remarkably. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This docunnent has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] A manufacturing method of hydrogen characterized by using a catalyst which 
supported an active metal to alumina content support which has aluminum3+ of 5 coordination 
in a method of contacting gas containing methane and a carbon dioxide for a catalyst, and 
manufacturing a carbon monoxide and hydrogen. 

[Claim 2] A manufacturing method of a carbon monoxide characterized by using a catalyst 
which supported an active metal to alumina content support which has aluminum3+ of 5 
coordination in a method of contacting gas containing methane and a carbon dioxide for a 
catalyst, and manufacturing a carbon monoxide and hydrogen. 

[Claim 3] A manufacturing method of hydrogen according to claim 1 to which a catalyst 
contains an alumina which has aluminum3+ of 5 coordination 0,1 to 50% of the weight in 
alumina content support. 

[Claim 4] A manufacturing method of a carbon monoxide according to claim 2 with which a 
catalyst contains an alumina which has aluminum3+ of 5 coordination 0.1 to 50% of the weight 
in alumina content support. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the method of manufacturing a useful carbon 
monoxide and hydrogen (it abbreviating to "synthesis gas" below) industrially, using the 
methane which is the principal component of natural gas, and the carbon dioxide used as the 
main causative agents of global warming. 
[0002] 

[Description of the Prior Art] In recent years, since carbon dioxide gas is the main causative 
agent of global warming, let it be the technical problem that the cutback of blowdowns and a 
deployment are pressing. For this reason, the chemical conversion methods, such as electric 
reduction of carbon dioxide gas, the photosynthesizing method, and a contact hydrogen 
reduction method, are considered. There are very few examples of a report about the method 
of manufacturing synthesis gas useful as a raw material at the time of compounding various 
organic compounds by the hydroformylation from methane and a carbon dioxide among these, 
and the contact process (React.Kinet.catal.. 24,253 (1984) and the collection of the 68th 
catalyst (debate A) drafts, 3H327 (1991)) which used 8 group transition-metals support 
catalyst for an alumina or silica support is known slightly. 

[0003] However, the catalyst which supported noble metals is expensive and economically 
disadvantageous. Moreover, it has catalytic activity and a life equivalent to noble metals, and 
since the carbon deposit inclination of a nickel catalyst is strong, it has the problem that 
lowering of activity tends to take place also in cheaper 8 group transition metals. 
[0004] 

[Problem(s) to be Solved by the Invention] Therefore, from the gas containing methane and a 
carbon dioxide, this invention controls a deposit of carbon and aims at offering the method of 
manufacturing a carbon monoxide and hydrogen efficiently. 
[0005] 

[Means for Solving the Problem] In a method of this invention person contacting gas 
containing methane and a carbon dioxide for a catalyst in such the actual condition as a result 
of inquiring wholeheartedly, and manufacturing a carbon monoxide and hydrogen, if an alumina 
content catalyst which has aluminum3+ of 5 coordination is used, since a deposit of carbon is 
controlled and lowering of catalytic activity cannot take place easily, it came to complete a 
header and this invention for the ability of hydrogen and a carbon monoxide to be 
manufactured efficiently. 

[0006] That is, this invention offers a manufacturing method of hydrogen characterized by 
using a catalyst which supported an active metal for an alumina which has aluminum3+ of 5 
coordination to content support in a method of contacting gas containing methane and a 
carbon dioxide for a catalyst, and manufacturing a carbon monoxide and hydrogen. Moreover, 
this invention offers a manufacturing method of a carbon monoxide characterized by using a 
catalyst which supported an active metal for alumina content support which has aluminum3+ 
of 5 coordination in a method of contacting gas containing methane and a carbon dioxide for a 
catalyst, and manufacturing a carbon monoxide and hydrogen. 

[0007] As methane used by this invention, any of methane independence and methane 
content gas are sufficient. As methane content gas, natural gas and substitute natural gas are 
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mentioned, for example, and unsaturated hydrocarbon; diacid carbonizing-ized hydrogen, such 
as saturated hydrocarbon; ethylene, such as ethane and a propane, a propene, and a butene, a 
hydrogen sulfide of a minute amount, 10-40-mol % of hydrogen, 1-20-mol % of a carbon 
monoxide, nitrogen, air, or a steam other than methane may be included. 

[0008] In this invention, 0.05-25, and that it is especially 0.1-20, and also 0.2-10 have [ a mole 
ratio of methane used as a raw material, and a carbon dioxide ] a desirable mole ratio of 
methane/carbon dioxide. If an amount of a carbon dioxide which a mole ratio of 
methane/carbon dioxide recycles less than by 0.05 increases, yield of hydrogen decreases 
and 25 is exceeded, sufficient carbon monoxide generation rate will no longer be obtained, and 
a carbon deposit will also become and uneconomical. 

[0009] A catalyst used by this invention supports an active metal to alumina content support 
which has aluminum3+ of 5 coordination, it is known that 3 kinds of aluminum3+ of 4 
coordination, 5 coordination, and 6 coordination exists in an amorphous alumina — **** 
(Dupree, Lournal De Physique, C8,1 13 (1985)) — an alumina used by this invention may 
contain an alumina which otherwise has aluminum3+ of 4 or 6 coordination that what is 
necessary is just to include an alumina which has aluminum3+ of 5 coordination. 
[0010] Among alumina content support, especially although especially the blending ratio of 
coal of an alumina that has aluminum3+ of 5 coordination is not restricted, it is desirable in 
alumina content support that it is 1 - 50 % of the weight 0.1 to 70% of the weight. At less than 
0.1 % of the weight, it is difficult to adjust what depressor effect of sufficient carbon deposit is 
not acquired, but exceeds 70 % of the weight. 

[001 1] In addition, a coordination condition of aluminum3+ can be known by using the 
27aluminum-solid-state NMR. 

[0012] an alumina which has aluminum3+ of 5 coordination — the usual grinding method and 
HITOSSHOKU — law, a sol gel process of an organoaluminium compound, etc. — it can 
manufacture — for example, Journal of It can manufacture according to Catalysis, 133,263 
(1992) and Chem.Mater., and a method indicated by 5 and 1204 (1993). 

[0013] after [ namely, ] carrying out day boiling of the sodium-aluminate aqueous solution, and 
centrifugal separation's separating enough and washing obtained settlings as a grinding 
method — a jib — a site is obtained, next, this jib — method; which obtains an alumina which 
grinds with a ball mill for 50 to 300 hours, and has aluminum3+ of 5 coordination after 
calcinating a site at 300-600 degrees C for 0,1 to 5 hours — a jib — a method of carrying out 
hydrothermal synthesis of the mixture of a site and water, obtaining boehmite, and obtaining 
an alumina which grinds with a ball mill at 50-500 degrees C next for 0.1 to 100 hours, and has 
aluminum3+ of 5 coordination etc. is mentioned. 

[0014] Moreover, as a sol gel process, add water to a mixed solution of a sec-butyl alcohol 
solution of aluminum-tree sec butoxide, and a urea solution which dissolved in sec-butyl 
alcohol, and a sol is made to generate, after aging, ammonium bicarbonate is added at a room 
temperature and gel is settled. In order to remove unreacted alumino butoxide, sec-butyl 
alcohol washes obtained gel enough, gel is dried and calcinated after that, and a method of 
obtaining an alumina which has aluminum3+ of 5 coordination is mentioned. 
[0015] Since what alumina content support used by this invention may contain metallic 
oxides, such as a silica besides an alumina, a zirconia, NIOBIA, a titania, crystalline alumina 
silicate, a calcium oxide, a magnesium oxide, and a barium oxide, and contains especially a 
calcium oxide, a magnesium oxide, and a barium oxide can control a carbon deposit to validity 
more, it is desirable. Although especially the blending ratio of coal of these inorganic oxides is 
not restricted, it is desirable in alumina content support that it is 0.1 - 40 % of the weight. 
[0016] Although not restricted especially as an active metal supported to alumina content 
support, 8 group transition metals, such as nickel, a ruthenium, a rhodium, iridium, and cobalt, 
are especially desirable, for example, and nickel is desirable from a point of cost. Moreover, an 
oxide of these metals may be used. 

[0017] As for especially an active metal supported to alumina content support, it is desirable 
to contain 1.0 to 50% of the weight 0.01 to 70% of the weight by metal conversion in [ all ] a 
catalyst. Even if an invert ratio of carbon dioxides enough at less than 0.01 % of the weight is 
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not obtained but it exceeds 70 % of the weight, improvement in an invert ratio to the extent 
that it expects is not obtained. 

[0018] Especially a method of making alumina content support support an active metal is not 
restricted, for example, can use well-known methods, such as an impregnation method, a sol 
gel process, and physical alligation. 

[0019] For example, alumina molding which has aluminum3+ of 5 coordination is immersed in 
an aqueous solution containing metals, such as nickel salt. How to return after desiccation 
and baking; Add ammonium to an aqueous solution which dissolved an aluminum salt, and 
precipitation of an aluminum hydroxide is formed. A method which is immersed in an aqueous 
solution containing metals, such as nickel salt, and returns after desiccation and baking after 
drying and calcinating obtained gel; physical mixing of a nickel oxide and the alumina which has 
aluminum3+ of 5 coordination is carried out and a method of returning is mentioned after 
desiccation and baking. 

[0020] In these methods, a catalyst may be performed after immobilization and desiccation 
and within a reactor that what is necessary is just to carry out, using reducing gas as a 
method of returning a catalyst. 

[0021] As reducing gas, pure hydrogen, hydrogen and a steam, and a carbon monoxide can be 
used, hydrogen gas, or hydrogen and steam gas is desirable, and it is desirable to use 
especially hydrogen gas. Moreover, although reduction can perform methane and a carbon 
dioxide with reaction temperature at a time of making a catalyst contact, it is desirable to 
carry out at about 200-800 degrees C so that an active metal made to support may not 
condense. 

[0022] A manufacturing method of this invention is performed by contacting gas which 
contains methane and a carbon dioxide for a catalyst acquired by doing in this way. As for 
especially reaction temperature, at this time, it is desirable that it is 400-900 degrees C 300- 
1000 degrees C. If sufficient invert ratio of methane and a carbon dioxide is not obtained at 
less than 300 degrees C but reaction temperature exceeds 1000 degrees C, lowering of 
activity by sintering of a catalyst will arise. Moreover, as for especially reaction pressure, it is 
desirable for it not to be restricted but to carry out with ordinary pressure - 20 atmospheric 
pressure, especially ordinary pressure - 10 atmospheric pressure. Furthermore, it is desirable 
GHSV500-500,000h-1 and to supply especially material gas at the rate of 1 ,000-300,000h-1 . 
If a generation rate of a carbon monoxide is small and exceeds 500,000h-1, an invert ratio of a 
raw material falls and it is not economical at less than [ 500h - ] one. 
[0023] As a reaction method, especially if a catalyst and a raw material can contact 
efficiently, it will not be restricted, for example, it can be made to react in the fixed bed, the 
fluid bed, and the moving bed. 
[0024] 

[Effect of the Invention] Since according to this invention a deposit of carbon is controlled 
and catalytic activity moreover cannot fall easily by using the alumina content catalyst which 
has aluminum3+ of 5 coordination in the method of contacting the gas containing methane and 
a carbon dioxide for a catalyst, and manufacturing a carbon monoxide and hydrogen, the 
invert ratio of methane and a carbon monoxide is high, and hydrogen and a carbon monoxide 
can be obtained efficiently. 
[0025] 

[Example] Hereafter, although an example explains this invention still more concretely, this is 
only instantiation and does not restrict this invention. 

[0026] example of reference 1 alumina preparation-: — the white sediment which will boil an 
one-mol sodium-aluminate aqueous solution for one day, was made to hydrolyze, and was 
obtained — centrifugal separation — carrying out — washing — a jib — the site was 
obtained, next, this jib — 500 degrees C of sites were calcinated for 1 hour, and the 
comparison alumina C was obtained. The alumina A which furthermore grinds this alumina C 
with a ball mill for 125 hours, and has 5 coordination aluminum3+ was obtained, moreover, a jib 
— hydrothermal synthesis of the mixture of 10ml of water was carried out to site 5g for two 
days at 350 degrees C among the autoclave, and boehmite was obtained. Next, after 
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calcinating this at 400 degrees C for 1 hour, the alumina B which carries out grinding 
processing with a ball mill for 350 hours, and has 5 coordination aluminum3+ was obtained. 
Furthermore, boehmite was calcinated at 600 degrees C for 1 hour, and the comparison 
alumina D was obtained. 

[0027] The coordination number was measured by the 27aluminum-solid-state NMR. For 65.6 
ppm and 5 coordination, 38.3 ppm and 6 coordination are [ the chemical shift of 27aluminum 
to 4 coordination ] 1 1.4 ppni. It could specify and the trial calculation of the content was 
made by the intensity ratio. The content of aluminum3+ which has 4 coordination of alumina 
A-D, 5 coordination, or 6 coordination was shown in a table 1, and the 27aluminum-solid- 
state NMR spectrum was shown in drawing 1 -4. 

[0028] Preparation of the example [ of reference ] 2 catalyst A: The catalyst A which consists 
of 10 % of the weight of nickel and 90 % of the weight of aluminas was acquired by calcinating 
alumina 4.6g which carried out making tablet molding, ground alumina A powder, and carried 
out the particle size regulation to 20-30 meshes at 500 degrees C for 1 hour, after being 
immersed in the aqueous solution which dissolved 2.3g of nickel nitrate 6 hydrates in 9ml of 
water for 3 hours and drying at 1 10 degrees C subsequently overnight. 
[0029] Preparation of the example [ of reference ] 3 catalyst B: The catalyst B which 
consists of 2 % of the weight of rhodiums and 98 % of the weight of aluminas was acquired like 
the example 2 of reference except having used nitric-acid rhodium 6 hydrate instead of nickel 
nitrate 6 hydrate. 

[0030] Preparation of the example [ of reference ] 4 catalyst C: Alumina B After having 
hydrolyzed 4.6g in the ammonium-chloride aqueous solution after being immersed in the 
aqueous solution which dissolved 2.3g of ruthenium chloride 3 hydrates in 9ml of water for 3 
hours, and drying at desiccation and 110 more degrees C with a room temperature 
subsequently for 3 hours overnight, the catalyst C which consists of 2 % of the weight of 
rutheniums and 98 % of the weight of aluminas was acquired by calcinating at 500 degrees C 
for 1 hour. 

[0031] Preparation of the example [ of reference ] 5 catalyst D: Alumina B which carried out 
the particle size regulation to 20-30 meshes It dried at 1 10 degrees C overnight, and 4.2g was 
calcinated at 600 more degrees C for 2 hours, after being immersed in the aqueous solution 
which dissolved 2.5g of magnesium acetate 4 hydrates in 8ml of water for 3 hours. The 
catalyst D which consists of 10 % of the weight of nickel, 27 % of the weight of magnesium 
oxides, and 63 % of the weight of aluminas was acquired by calcinating 4.6g of obtained baking 
objects at 500 degrees C for 1 hour, after being immersed in the aqueous solution which 
dissolved 2.3g of nickel nitrate 6 hydrates in 5ml of water for 3 hours and drying at 1 10 
degrees C subsequently overnight. 

[0032] Preparation of the example [ of reference ] 5 catalyst E: Instead of magnesium acetate 
4 hydrate, the catalyst E which consists of 10 % of the weight of nickel, 27 % of the weight of 
calcium oxides, and 63 % of the weight of aluminas was acquired like the example 5 of 
reference except having used the calcium oxide. 

[0033] Preparation of the example [ of reference ] 6 catalyst F: Alumina C which carried out 
the particle size regulation to 20-30 meshes The catalyst F which consists of 10 % of the 
weight of nickel and 90 % of the weight of aluminas was acquired by drying at 1 10 degrees C 
overnight and calcinating 14g at 500 more degrees C for 1 hour, after being immersed in the 
aqueous solution which dissolved 6.9g of nitric-acid rhodium 6 hydrates in 20ml of water for 3 
hours. 

[0034] Preparation of the example [ of reference ] 7 catalyst G: Alumina C which carried out 
the particle size regulation to 20-30 meshes The catalyst G which consists of 2 % of the 
weight of rhodiums and 98 % of the weight of aluminas was acquired by drying at 1 10 degrees 
0 overnight and calcinating 14g at 500 more degrees 0 for 1 hour, after being immersed in the 
aqueous solution which dissolved 6.9g of nickel nitrate 6 hydrates in 20ml of water for 3 
hours. 

[0035] Preparation of the example [ of reference ] 8 catalyst H: Alumina D which carried out 
the particle size regulation to 20-30 meshes The catalyst F which consists of 10 % of the 
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weight of nickel and 90 % of the weight of aluminas was acquired by drying at 1 10 degrees C 
overnight and calcinating 14g at 500 more degrees C for 1 hour, after being immersed in the 
aqueous solution which dissolved 6.9g of nickel nitrate 6 hydrates in 20ml of water for 3 
hours. 

[0036] Preparation of the example [ of reference ] 9 catalyst I: Alumina D The catalyst F 
which consists of 10 % of the weight of nickel and 90 % of the weight of aluminas was acquired 
by drying at 1 10 degrees C overnight and calcinating 14g at 500 more degrees C for 1 hour, 
after being immersed in the aqueous solution which dissolved 6.9g of nickel nitrate 6 hydrates 
in 20ml of water for 3 hours. 

[0037] After filling up the container made from alpha-alumina in the diameter of 8mm of one 
to examples 1-5 and example of comparison 4 differential thermal analyzer (DTA-500, product 
made from the SEIKO electronic industry) with 20mg of catalysts and equipping on a sample 
eel, reduction processing was performed at 600 degrees C under the hydrogen ambient 
atmosphere for 1 hour, and temperature up was carried out to 900 degrees C under the 
heli um ambient atmosphere after that. Next, it replaced with helium, the mixed gas of a carbon 
dioxide (47-mol %), methane (47-mol %), and nitrogen (six-mol %) was supplied by 40 ml/min, 
holding at 900 degrees C, (GHSV150,000hr-lX and hydrogen and a carbon monoxide were 
obtained. Gas-chromatography analysis of the reaction generation gas was carried out, and 
the invert ratio and carbon are recording speed of methane and a carbon dioxide were 
computed by the degree type. A result is shown in a table 1 . 
[0038] 
[Equation 1] 

^*&CH4® -t ^U3S^ - tb n CH 4<Z) ^ 
zHA^itm (%) - X 1 0 0 



(Xi2^itm (%) = X 1 0 0 



[0039] 
[A table 1] 







4/5/6 


CH4 

(%) 


CO2 

<%) 








CO 


H2 


C 


H20 




mtmi 


A 


20/5/75 


48 


48 


49.7 


50 


0.3 


0 


0.18 


'mmm2 


B 


20/5/75 


44 


45 


49.9 


50 


ai 


1 


0.D6 




C 


25/25/50 


49 


50 


49.8 


50 


0.2 


0 


0. 08 




D 


25/25/50 


47 


48 


49.9 


50 


0,1 


0 


0. 09 


mmms 


E 


25/25/50 


46 


47 


49.8 


50 


0.2 


0 


0.06 


Jti^fl^ji 


F 


30/0/70 


31 


37 


43.3 


50 


6.7 


0 


4.02 




G 


30/0/70 


34 


39 


49.2 


48 


0.8 


2 


0. 48 




H 


25/0/75 


30 


35 


46.5 


50 


4.5 


0 


2. 70 




J 


25/0/75 


32 


37 


49-9 


49 


0.9 


1 


0.54 



[0040] When alumina content catalyst A-E containing 5 coordination aluminum3+ is used, 
compared with the case of comparison catalyst F-1, the invert ratio of methane and a carbon 
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dioxide is high, and the result of a table 1 shows that the carbon deposit on a catalyst is 
decreasing remarkably. 

[Translation done.] 
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Drawing selection l^^^lJM . 




» ' ■ ■ I. ' - ^ ■ 

ISO' 100 £0 0 -50 -100 

PPM 



[Translation done.] 
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